Experimental
Introduction
High prevalence rates are associated with several lifestylerelated diseases, such as hypertension, hyperlipidemia, and diabetes. These diseases are major causes of arteriosclerosis, which is the leading cause of death among Japanese. The pathological conditions of these diseases vary widely, and clarification of the condition is desired. Because of the necessity for research on the treatment and prevention of lifestyle-related diseases, approaches using animal models have been developed. 1 The expression level of the acyl-CoA oxidase 2 (ACOX2) gene, which is involved in β-oxidation in the kidneys of spontaneously hypertensive rats (SHR/Izm), was significantly higher than that in control model rats (WKY/Izm). 2 The substrate for ACOX2 is pristanic acid, which is derived from Phy. Phy is a branched, long-chain fatty acid with 20 carbon atoms and is derived mainly from green and yellow vegetables and meats. Phy can be used as a biomarker to diagnose Refsum disease. 3 Blood pressure in SHR/Izm rats was significantly higher than that in WKY/Izm rats. 4 These results indicated that measuring Phy concentrations in serum from SHR/Izm and WKY/Izm rats might help elucidate the relationship between high blood pressure and Phy levels. The measurement might also make the prediction of ACOX2 increases possible. Establishment of a simple and rapid method to monitor Phy concentrations in serum should help provide a useful means for clarifying the mechanisms of lifestyle-related diseases.
Research on developing a Phy assay system was initiated based on this consideration.
Determination of Phy in biological samples has been reported. The detection methods used were gas chromatography (GC), 5, 6 GC-mass spectrometry (GC-MS), 7, 8 high-performance liquid chromatography-atmospheric pressure chemical ionizationtandem mass spectrometry (LC-APCI-MS/MS), 9 and ultraperformance liquid chromatography (UPLC)-MS/MS. 10 GC is used for measuring components in samples that tend to become vaporized. GC-MS and LC-MS/MS require derivatization procedures (such as methylation or hydrolysis), which involve incubation conditions lasting 1 -2 h at 60 -100 C. Sample preparation for these methods is time-consuming. In this study, an ultra-fast liquid chromatography-ultraviolet spectrophotometry (UFLC-UV) method was used in combination with a modified 2-nitrophenylhydrazine (2-NPH)-derivatization method in order to develop a simple and rapid method for Phy analysis.
Co, Inc. (Japan). Heptadecanoic acid was obtained from Tokyo Chemical Industry Co., Ltd. (Japan) and used as the internal standard (IS). The YMC Fatty Acid Analysis Kit and a YMC Duo-filter (4-mm inner diameter) were purchased from YMC Co., Ltd. (Japan). Wister rat serum was purchased from Charles River Laboratories Japan, Inc. (Japan).
Chromatography conditions and instruments
The UFLC system consisted of a Prominence UFLC (20A Series) (Shimadzu, Japan). Derivatized Phy (D-Phy) and derivatized IS (D-IS) were analyzed on a YMC-Pack C8 column (150 × 3.0 mm i.d., S-3 μm).
11 The column was maintained at 35 C. The isocratic mobile phase comprised acetonitrile:H2O (90:10; pH 4.4, adjusted by HCl) 11 at a flow rate of 0.5 mL/min. The injection volume was 10 μL, and the detection wavelength was set to 228 nm.
Preparation of standards and working samples
A primary stock standard solution of Phy (1 mg/mL) was prepared in ethanol, and diluted in ethanol to obtain a series of working solutions (10, 50, 100, and 200 μg/mL). An IS primary stock standard solution (1 mg/mL) was dissolved in ethanol, and diluted to 2 μg/mL in ethanol for derivatization reactions. Each primary stock solution was stored at 4 C.
Serum calibration standards were freshly prepared by spiking 45 μL of blank pooled rat serum pre-thawed at room temperature with 5 μL of working Phy solutions (final concentrations: 1, 5, 10, and 20 μg/mL). The blank rat serum was stored at -20 C until use.
Derivatization reaction
The YMC Fatty Acid Analysis Kit is composed of four reagents; Reagent A (derivatization reagent, 2-NPH solution), Reagent B (condensing agent, 1-ethyl-3-[3-dimethylaminopropyl] carbodiimide solution), Reagent C (reaction stop solution, alkaline solution), and Reagent D (neutralization reagent, acidic buffer). Although the derivatization reaction was performed based on the YMC Fatty Acid Analysis Kit manual, the protocol indicated no precedent application for Phy. Modifications of the derivatization procedure were made for increased derivatization. The modified derivatization procedure was as follows. To 50 μL of serum calibration sample or blank serum, 200 μL of IS solution (2 μg/mL), 200 μL of Reagent A, and 200 μL of Reagent B were added in a stoppered test tube and mixed for 20 min at room temperature in a shaker (double shaker NR-3, Taitec Corporation) to prevent the mixture from solidifying. Subsequently, Reagent C was added and the solution was mixed vigorously with a vortexer. Next, Reagent D was immediately added to the mixture, after which 5 mL of n-hexane was added to the mixture to extract D-Phy (Fig. 1) and D-IS. This mixture was vortexed for 180 s and centrifuged at 3000 rpm for 5 min. Three milliliters of the supernatant were transferred to another test tube and evaporated to dryness. This extraction step was repeated three times. The residue was reconstituted in 200 μL of methanol and filtrated using a Duo-filter. Ten microliters of the filtrated solution were injected into the UFLC system for analysis. The same procedure was used for all samples.
It was believed that little endogenous Phy and IS exist in normal healthy experimental animals. However, since Phy and IS were detected in blank serum, the measured values were calculated by subtracting the peak area of blank samples from working samples in all optimizations and validations.
Results and Discussion

Optimization of the derivatization conditions
Optimal experimental conditions having good reproducibility were determined as the protocol resulting in the largest D-Phy peak area value with the smallest standard deviation (SD), using the UFLC system. The Phy concentration in a rat serum sample used for this study was 10 μg/mL. We mainly investigated the reaction time and temperature used when treating serum with derivatization reagents, and the mixing time and number of D-Phy-extraction steps used following derivatization. The results of these experiments are shown in Fig. 2 . The optimized conditions are described in detail in the Experimental section. Serum was incubated for 20 min at ambient temperature with the Reagents A and B mixture (Fig. 2(d) ). No extended reaction time was necessary with Reagent C (Fig. 2(e) ). D-Phy was extracted three times ( Fig. 2(b) ). Chromatograms of the derivatives are shown in Fig. 3 . The peak regarded as D-Phy was fractionated and identified by electrospray ionization-mass spectrometry (Xevo G2S-QTof, Waters) by the Chemical Analysis Center, School of Pharmacy, Nihon University (Fig. 4) .
Linearity of the calibration curves and reproducibility
D-Phy measurements were made in the range of 1 -20 μg/mL in rat serum to generate a calibration curve. The curves were proportional to the concentration of the analyte over the range of 1 -20 μg/mL. A linear relationship (r = 0.9997) was observed between the D-Phy peak area divided by the D-IS peak area and each Phy concentration.
The reproducibility of D-Phy measurements was expressed as the coefficient of variation (CV) and is listed in Table 1 . Intraand inter-day CV values were ≤13.0%. Recovery following the derivatization reaction was not examined because a D-Phy standard was not commercially available.
Application
Sera from Wistar Kyoto rats (control rats: WKY/Izm) and spontaneously hypertensive rats (SHR/Izm) were analyzed by the UFLC-UV method developed in this study. Each rat (n = 5) was male and 5 weeks old. The blood samples were collected from the inferior vena cava. All rats were anaesthetized with isoflurane prior to sampling. They were acquired from the School of Medicine of Nihon University. The animal experiment was approved by the Animal Ethics Committee of the School of Medicine of Nihon University (Approval Number: AP11M019-2).
The results of the application study are shown in Fig. 5 . Comparisons of Phy concentrations in WKY/Izm and SHR/Izm sera were made using the F-test and Student's t-test. Statistically Intra-day (n = 5) Inter-day (n = 3)
Mean peak area ratio (mean ± SD) CV, % significant differences were observed between SHR/Izm rats (1.64 ± 0.030 μg/mL) compared to WKY/Izm rats (1.43 ± 0.027 μg/mL) (p < 0.01). Though concentration of Phy in rats (unknown phyletic line) determined by GC was 1.9 μg/mL, 6 the concentration in SHR/Izm and WKY/Izm rats had not been reported. The SHR/Izm rats used for this investigation were 5 weeks old. The blood pressure of the SHR/Izm rats increased with age, while those of WKY/Izm rats did not change. 4 The Phy level, as determined using the developed system, was significantly higher in SHR/Izm rat serum than in WKY/Izm serum. This result suggested that monitoring the Phy level in the serum may provide a useful means for clarifying the mechanism underlying the onset of hypertension.
Conclusion
A method for detecting Phy in rat serum using 2-NPH as a derivatization reagent and a UFLC-UV system was developed. Analysis of the Phy concentration in WKY/Izm and SHR/Izm sera was conducted using the method. To our knowledge, this is the first report of the quantitative measurement of Phy using a combination of 2-NPH derivatization and UFLC-UV. Although many Phy detection methods have been reported, 5-10 mild conditions for the derivatization step have not been reported. In this study, we developed a detection method employing mild derivatization conditions, which could be performed relatively quickly with a general-purpose UFLC-UV system. Therefore, this Phy measurement method should be widely applicable for studies related to Phy.
